About 0-01 ml. of blood taken from a finger prick is dissolved in 10 ml. of 0-04 % ammonia solution. The solution is divided into two halves, and oxygen is bubbled through one half to convert any carboxyhaemoglobin into oxyhaemoglobin. The spectra of the two halves are then compared in a spectrophotometer, and the difference between them is used to estimate the carboxyhaemoglobin content of the blood either graphically or by calculation from a simple formula. Calibration is simple and need only be done once. A sample of blood can be analysed in about 20 minutes, which includes the time to collect the sample. The method is sensitive enough to be used for the analysis of solutions of blood containing less than 1 % carboxyhaemoglobin.
Modem methods for the determination of carbon monoxide in blood have been critically reviewed by Douglas (1962) and by Cobum, Danielson, Blakemore, and Forster (1964) , and may be classified as follows: manometric, volumetric, colorimetric, spectroscopic, and those based on the determination of the concentration of carbon monoxide in alveolar air. Only a few of these are sensitive enough to measure low concentrations of carboxyhaemoglobin and most either are time-consunming or require large samples of blood. The methods involving analysis of alveolar air are sensitive but cumbersome.
The method described here has been developed to overcome these disadvantages; it is quick, accurate even at low concentrations of carboxyhaemoglobin, and requires only a minute sample of blood.
Principle of Method
The basis of the method is that the sample, diluted in 0-04 % ammonia solution, is divided into two parts, from one of which the carbon monoxide is displaced by oxygen by bubbling oxygen through it. The solution containing carboxyhaemoglobin is placed in the sample beam of a spectrophotometer and the oxygenated sample in the reference beam, so that the quantity which the instrument records is the difference between the absorbance of the carboxyhaemoglobin and that of the equivalent amount of oxyhaemoglobin; this is used to determine the concentration of carboxyhaemoglobin in the untreated sample. This difference is measured near its maximum at 420-2 m,t and also, in order to define a baseline from which the height of the peak may be measured, at 414 m,u and 426 my. The total haemoglobin present is estimated from the difference between the absorbances of an oxygenated sample at 575 mix and 559 m,u, these being respectively the wavelengths of maximum and minimum absorbance of oxyhaemoglobin.
The absorption spectra of oxyhaemoglobin and carboxyhaemoglobin, and the difference between the corresponding values of the absorbance of the two forms of haemoglobin, are shown in Figure 1 . It should be noted that the peak of absorbance of carboxyhaemoglobin occurs at 419 3 m,u, i.e., at a slightly lower wavelength than the peak of the difference between the absorbances of the two forms. The peaks of the two quantities are, however, sufficiently close together for it to be possible to use measurements at 420 mu in both instances.
Collection of Blood for Analysis A 10 ml. specific gravity bottle, i.e., one with a ground glass stopper having a capillary vent, con-139 (It should be noted that here the term 'optical height' refers to measurements made with a 2 mm. cell, whereas when the symbol is used subsequently it refers to measurements made in a 10 mm. cell unless otherwise specified.)
The two solutions, one saturated with CO and the other with 02, are put in matched 10 mm. cells and the former is put in the sample beam, the latter in the reference beam, of the spectrophotometer. A tungsten lamp is used as source, and the spectrophotometer slit should be as narrow as the sensitivity of the detector will allow. Most of the work described here was done with a Beckman DK2, with which it was possible to use a slit width of 0-1 mm.: with a Unicam SP500 instrument slit widths of 0-3 mm., 0-2 mm., and 0 1 mm. at wavelengths 414 m,t, 420 m,, and 426 m,it respectively were found suitable. For each particular wavelength it is essential to use the same slit width throughout, since the absorbance of the solution depends to some extent on the slit width. The difference between the two absorbances is recorded at the same three wavelengths, and h is calculated as above: it should be noted that here h is not the height of the peak of the absorbance of carboxyhaemoglobin but that of the difference between the absorbance of carboxyhaemoglobin and that of the equivalent amount of oxyhaemoglobin. The quantity of haemoglobin present is estimated from the difference d between the absorbances of the oxygenated sample at 575 m,u and 559 m,u. The limiting value of h when the haemoglobin is saturated with carbon monoxide will be designated ho and the limiting value of d when it is completely oxygenated will be designated do. In the latter case the carboxyhaemoglobin was determined by measuring the 'optical heights' h of the absorbance at 420 m,t for the mixed solution, for the 100% carboxyhaemoglobin solution, and for the 100% oxyhaemoglobin solution, using 2 mm. cells and with matched cells containing water in the reference beam; the concentration of carboxyhaemoglobin in the mixture was then calculated by proportion. A series of mixtures was then prepared by using the 100% oxyhaemoglobin solution to dilute the strong carboxyhaemoglobin solution; during the process of dilution great care was taken to avoid oxygenating the carboxyhaemoglobin. For each mixture the difference between the absorbance at 414 m,u, 420 m,u, and 426 m,u and the absorbance of the pure oxyhaemoglobin solution at the same wavelengths was measured, and the 'optical height' of the difference was calculated. The results in Fig. 2 show that within the limits of accuracy of the measurements the response of the instrument was linear. This being so, only one sample is needed for calibration; half the solution is treated with oxygen and the other half is saturated with carbon monoxide.
As mentioned above, the concentration of the haemoglobin solution, as indicated by the value of d, must not exceed a critical value which differs from one instrument to another. To determine the critical value for a particular instrument, -solutions of oxyhaemoglobin of various concentrations are prepared, and part of each is saturated with carbon monoxide.
For each of the original solutions the difference between the absorbances of oxy-and carboxy-forms, and the absorbance of the oxyhaemoglobin, are 
Results
This method has not been compared with others since we know of none as sensitive using such small volumes of blood. Instead the reproducibility of the method was determined, and for this purpose seven samples were analysed. Samples A and B were freshly taken from members of our laboratory staff; the remaining samples were prepared by mixing stored blood fully saturated with carbon monoxide with normal stored blood. The results are shown in the Table. It will be noticed that the standard deviation rises steadily with the concentration of carboxyhaemoglobin; the reason for this is not entirely clear. One of the factors contributing to this variation is the random error in the estimation of d, but this certainly does not account for the large standard deviation of the results obtained with sample G.
In order to see whether blood samples change in composition whilst they are being taken, 01 ml. of blood containing carbon monoxide was placed on a glass slide; one 0-01 ml. sample was taken immediately and another five minutes later. Both 
